Stability and folding of the tumour suppressor protein p16.
The tumour suppressor p16 is a member of the INK4 family of inhibi tors of the cyclin D-dependent kinases, CDK4 and CDK6, that are involved in the key growth control pathway of the eukaryotic cell cycle. The 156 amino acid residue protein is composed of four ankyrin repeats (a helix-turn-helix motif) that stack linearly as two four-helix bundles resulting in a non-globular, elongated molecule. The thermodynamic and kinetic properties of the folding of p16 are unusual. The protein has a very low free energy of unfolding, Delta GH-2O/D-N, of 3.1 kcal mol-1 at 25 degreesC. The rate-determining transition state of folding/unfolding is very compact (89% as compact as the native state). The other unusual feature is the very rapid rate of unfolding in the absence of denaturant of 0.8 s-1 at 25 degreesC. Thus, p16 has both thermodynamic and kinetic instability. These features may be essential for the regulatory function of the INK4 proteins and of other ankyrin-repeat-containing proteins that mediate a wide range of protein-protein interactions. The mechanisms of inactivation of p16 by eight cancer-associated mutations were dissected using a systematic method designed to probe the integrity of the secondary structure and the global fold. The structure and folding of p16 appear to be highly vulnerable to single point mutations, probably as a result of the protein's low stability. This vulnerability provides one explanation for the striking frequency of p16 mutations in tumours and in immortalised cell lines.